Based on the engineering projection against multiple impacts, the test of anti-multiple impacts was carried out towards UHMWPE fiber reinforced concrete, in which five kinds of fiber volume fraction (0%, 0.3%, 0.5%, 0.7% 1.0%) were designed. The damage patterns were analyzed and the penetration depth was fitted by empirical formula. Excellent effect of UHMWPE fiber reinforced concrete for reducing the damage under multiple impacts was studied. Appropriate fiber volume fraction can effectively improve the anti-penetration performance of concrete. When the fiber volume fraction was between 0.3% and 0.5%, the improvement was the most remarkable.
The test targets were made of concrete mixed with five kinds of fiber volume fraction (0%, 0.3%, 0.5%, 0.7% and 1.0%), and the dimensions is Φ500mm × 270mm. The outer periphery of the target was supplied with a 2mm steel band for the use as a mold for pouring and restraining the target fragments after striking. Raw materials, mix ratio and preparation process referred to lecture [10] , as shown in Table1. The impact speed was controlled at 820m/s in order to focus on the study of the effect of fiber volume fraction. Each fiber volume fraction group consists of two duplicate specimens, with a total number of 5×2=10. ＊Vf represents the volume fraction of fiber and represents the mass.
Multiple impacts method
This paper selected three impacts per target as theory of multiple impacts requires the target to suffer more than three shots. As is illustrated in the shooting theory [13] , the shooting points will present probability distributions with the area of 4 times the bullets diameter around the aiming point if continuously shooting. But in the experimental condition, there is no bullets scattered problem because it is difficult to achieve continuous random shooting. So in the test, the actual hit point's distribution design is shown in Fig.3 . And the targets were shot one by one. 
Results and Analysis

Surface Damage.
The damage of the targets in the front and back after three shooting impacts was shown in Fig.4 . Fig.4 Damage of the target after three impacts The results showed that the front of the concrete target without UHMWPE fiber had a layered crushing surface as well as a cone-shaped collapsing pit in the back. For the target with 0.3% UHMWPE volume fraction, the front surface presented an oval funnel pit with a certain size. Besides, there were 5~6 small radial cracks in the front surface and 3~4 in the back surface instead of obvious collapsing damage. Damage of the targets with 0.5%~1.0% UHMWPE volume fraction were nearly the same as 0.3% except that there was an increase in the size of the oval funnel pit.
Inside Damage.
The profiles of the trajectory were shown in Fig.5 after cutting along the trajectory. Fig.5 Profiles of the Trajectory It was showed that there were through cracks from the funnel hole to the target side inside the plain concrete target while fiber-reinforced target still maintained the basic form. Owing to the tensile wave made of the stress wave reflecting on the back, there were several obvious cracks perpendicular to the axis of the plain concrete target. But the other fiber-reinforced target had no obvious cracks except for 0.5% fiber-reinforced group as its material was possibly not stirred evenly. The addition of UHMWPE fiber improves the ability of concrete to resist fragmentation after multiple impacts, which is consistent with the conclusion of lecture [10, 11, 12] that the tensile strength of fiberreinforced concrete is obviously increased.
Penetration depth analysis.
The average penetration depth h of each test group after every impact is shown in Table 2 , where the penetration depth of the second and third impact had subtracted the depth of the original crater depth. It can be found that for the concrete under multiple impacts, the later penetration depth is usually greater than the former, indicating that the former damage to the concrete can reduce its antipenetration ability. The table also shows that there is smaller penetration depth in target with 0.3% and 0.5% UHMWPE volume fraction.
The empirical formula of penetration depth applied to semi-infinite targets under multiple impacts was presented by Gomez.J.T [7] , which was later improved by the lecture [8~9] as formula (1) .
Among formula (1), m is the mess of the Tungsten core, is the diameter Tungsten core, N is the shape factor of the bullet, d is the diameter of the total bullet, is the speed of impact, is the density of concrete, is the uniaxial compressive strength of concrete, n is the number of impacts, and is the strength factor, is the nth penetration depth. can be deduced through test value and formula (1). In lecture [8] , it is proposed that the strength factor under multiple impacts has the relationship with the initial strength factor as formula (2) . ln 1 2 is the parameter to be determined through nonlinear fitting, which reflects the rate at which the anti-impact properties decrease as the number of impacts increase. The data needed and fitted is shown in Table 3 It is obvious that the anti-multiple impacts properties of concrete are significantly affected by the UHMWPE fiber volume fraction Vf, which indicates S1 and also change with it. The relationship among S1, and Vf can be fitted as shown in Fig.6 .
(a) S1 Fitting (b) Fitting Fig.6 Fitting of S1 and The fitting results can be shown in formula (3) and (4) (4) and the predicted penetration depth can be acquired. The comparison between the calculated value of the penetration depth and experimental value is shown in Fig.7 . Though still having some deviation mainly owing to the discrete characteristic of concrete, the formula fitted above can give a basically accurate data within 10% deviation.
(a) The second impact (b) The third impact Fig.7 Comparison for depth of penetration between theoretical and experimental value
Conclusion
(a) The performance of plain concrete and UHMWPE fiber reinforced concrete under multiple impacts was studied, including the size of crater, the cracks and the penetration depth. UHMWPE fiber can inhibit the development of cracks in concrete, significantly reducing its surface damage and internal damage under multiple impacts. But there is an optimum value of fiber volume fraction. The reasonable volume fraction of UHMWPE can effectively improve the anti-multiple impacts performance of concrete. For the UHMWPE fiber reinforced concrete studied in this paper, the fiber fraction that has the best performance of anti-multiple impact is between 0.3% and 0.5%.
(b) The relationship between the strength factor and the fiber volume fraction Vf was fitted. And the penetration depth predicted by formula (1) suits the experimental data well within a reasonable range of deviation.
